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Objectives and Rationale 

In these days of dejE^ated school budgets and demands for greater fiscal 
accountability, school districts are forced to investigate every possi- 
ble means of conserving tax- dollars. A sdhool system can no' lon^r 
afford to experiment with- costly, Histrict-wide trial programs^ This 
Is particularly true in-the'case of material centered science curricula 
such as 'the Science Curriculum Improvement Study (SCIS). The alterna- ^ 
tive to a massive and risky trial implementation could lie in a more 
limited and carefully thought out approach. 

- . t ^ 

The purpose of this study was twofold: 

i» ■ ■ . ■ , ■ . . 

1. to identify which combination of preselected teacher and 
scfiool variables had the most positive effect on student 
outcomes in SCIS within a large urban setting, and 

2. to use the^ -identified variables, i.e., success' profile/ 
as a model Xor the selection of a few schools in wh^ch 
the Initial trial implementation of SCIS couLd'-^cur. 

• . , ■ / . ' / * 

Methodology and Design 

•The* variables observed orj 4100 fifth and sixth grade S€IS students 
vera: attitude toward SCIS, student achievement: in SCIS life* science 

-and^SCIS physical science. The , variables observed on the 160 teachers 
Involved in the study were: the grade taught, if the teacher was * 
trained in SCTS methods and materials, the age of the teacher, .'years 
of teaching experience, the nuinbe? of college hours ih^ science content 
anji splenc'e methods, minutes per week spent' on SCIS in the classroom, ' 
the'iiumber of lifi^" and physical Science chapters, taught , jfhe* teacher 's 
attivtude toward ^IS, the teacher's scores ©ri the lif^^aad physical 
science tests. Other variables observed werefj^^he SCTS, tonsultant's *\ 
perception of- the school's interpersonal cIiJBm the principal's ' 
attitude toward sciencer th^ school's sfze; tfll^chool 's ' racial ratio • 
andjthe school'^ socioeconomic status* as measured by Title I funding.. 

^Stepwise multiple regression analysis was used to initially clarify th6' 
stfljHstlp.al significance of the independent^ variables in reference*to 
the dependent variables-. The sj.gnificant indeperident-variabl^ for 




each dependent v^iable were then combined with categorical treat- 
ment variables training an^ Title I to create tral^ X treatment inter- 
action terms. Stepwise multiple regression analysis was then used to 
, determine which of the jingle' variables and thei'r interaction, terms ; 
were significant when considered together against each ^dependent 
variable. ' 



^ruments and Dat 

E la. ti 



The/tjeacher data was gathered^by means o teacher quest Ip nnai re/ an ., 
attitude toward SCIS instrument, SCIS life 'and physical science "instru- 
ments. . The stiifient data was ^^thered via a student attitude toward 
SCIS irns^trument and SCIS life jnd physical science instruments. Other 
data weire obtaJ.ned. from school records. 



Results and Conclusions 



The,,, following variables^ were identif'iedT(W.th posititve sti^dent^ bat- 
comes in SCIS: ^/ / ^ / ' ' 

V ri* , Teacher age (average) = 35 years ^ V ^ ' 

^'-2'. Teacher's years experience (average) = 9 years 1 ^ 
^ 3. School interpersonal climate^= positiv"e, cooper4tive at all 
levels * ^ 

4, Principal attitude tpward elementary science = positive 

5, School socioeconomic! status'= middle-upper ^ocidetonotaic status^* 

6, " Teachers should be competent in^SCIS concepts '^nd processes 

7, Teachers should have SCIS training \^ \^ 

8, Physical science should be taught before the life sdience unit. ^ 

In conclusion, it is recommended that thd above variables '.be included - 
in a success rprofile mc/del to be used in the„ selection of schools for 
an initial ijdip^lementation of SCIS in a large urban school district. 
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Statem ent of Pro\blein ) 

rDemj!)nstration experimert« are an important teachin^tool in scie^ncjK. 
There is a considerable body of anecdotal information on how to demon- 
strate, when to de^ionsttate^ what to' demonstrate, and to whom to ^ 
demonstrate. Much "of this. information is^ contradictory . There are . 
two themes on*which many^atitihotities comment. First is that d^onstra-? 
tiqns are more effective if 'the outcome^ is counter- intuifive or » * ^ 
discrepant. The second theme is that one order or sequencing of 
theory ^and demonstration is superior. The recommended sequence varies 
from author tcAalithor. Authors "^supportt their suggestions with, 
rationales, bu^ n^^ experimental 'study using order and discrepancy 
as variables has been reported. Demonstrations are* performed dally 
In thousands of science dlasses. • Experimeriital evaluation of the 
importance' of order of pfesentatiori; and d,isprepandy of outcome ^wo^ld . 
be userul tojteachers leaking decisions abojit;'what type of demonstration 
ato present and how to sequence th^ material^ 

: . ' ■ - ■ ■ - ' ' 

A 2x2 multivariate Resign with three dependent variables and two - 
covariates and J|iMidom assigijment of subjects was used.' ^ 

■ , :T ■ " . ; ■ _ ■ ■ • V- ' ■ ' ■ 

independent Variables ^ 

,1^ Order of Presentation (Two levels: Demonstrationr-Theoay, 

Theory-Demonstration) - \ • . 

2. Discrepancy of Experiment (Two levels: Expected outcome, V 
surprising outcome) . . 

Dependent Variables 

The three dependent variables werg test scores which were obtained from 
the diublects' responses to multiple choice questions which were written 
at Bloom's knowledge, -comprehension, and ^application, levels. 
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^. Ot A7lierihpn IQ ■ ' 

' 2. Eighth grade science grades 



Classlf Icatory Variable , ^ / 

Sex* The inaj.or research hypotheses were that Jth^e .would 'be no signi- 
ficant (alpha < .05) differences between tjie^^igroups the three 
levels tested. ^Minor hypotheses weJqe tttit no significant interac- 
tions ^f the independent variabJL,e!p*^ ' ix},, or sex wcu;ld be foi^rtd. A 
power of .90 *as\estiinat£d- ^itv^^^ * 

• ■ */ 

The purpose of the s4;udy was to pravide useful information to teachers 
using demonstrations, not to test any particular, theory. However, 
Ausubel's advance organizer theory would predict that the theory — 
dfimonstrati<\n order would produce higher test score^. ' Festinger's ^ 
tlieory of cognitive dissonance wouldv predict tihat the discrepant 
expierimentt »wmjld produce higher tesJ^tVscores. ' 

Procedure ' ^ - . 

A script was prepared for an experiment demonstrating the solubility 
^ of gases* as a function of temperatiite. The script was written in 
two separate sectiops. The theory section was written on* an abstract 
level and presented 'cJncepts which explained the demonstration. The^ 
demonstration section was written on the concrete level and referr<ed 
to observable phenomena. Two different sets of chemicals were used 
to produce two demonstration tapes with identical scripts but differ- 
ent discrepancy levels. ♦ ^ 

. ■- ■ . . y. ■ ■ . ... . ,.• ■ 

ThjB scripts were performed by an actor, and were recorded on coior 
videotape. The tape was duplicated and edited to produce four five-' 
ininute treatments. . p 

A pilot study was used to evaluate and refine mtLLtiple choice quesr 
t Ions on the knowledge, comprehension and application levels, which 
were d^eslgiied to measure the learning outcome^ of the videotape. 

Tlfe final instrument consisted of 35 multiple choice ;t£ems. Ift was 
given ^to 113, average and above average eighth grade istuderits imme- 
dlaitely after the videotape presentation. Tw^ntiy-ei|ght subjects . - 
bad. been randomly assigned to eifch oj^the four trea^ent -groups. 



Results 

A MANOVA analysis revealed no significant differences in multiple 
choice measures of knowledge, comprehension, o'r^^p^lication scares 
as a function of different orders of presentation or of different - 
levels of discrepancy fbr a videotaped demonstration of an experi- 
ment in scl^|ie^« . 
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Objective . 7 ^ J^, 

; TI\^e purpose -of the study was to investigate the effects "of stu<fyvques- 
. tions in different forms (verbatim, true/false, para^hrased.v^ncf'open 
ended) on the learning of science content from written text A^econd 
purpose was. to. measure the effect of specifying answer loaatf^on on 
question^ effectiveness. ' 

■ . . •• . 

. ' I ■ ■ ■ ■ • ' • ' 

Rationale • . ^ \ 

.1 •• ... • ■ ' ■ 

Study guides in the* form of questions are often used to aid- students ' 
: progi:;^ss through science text materials but variable^ determining their 
effectiveness ate fargely unmeasured.. Studies have shown that higher 

\^ level questions producedgbetter scores on an evaluation level posttest 
wlthou^ a decrement in! Knowledge level performance. In particular, 
one sHbwed that subjects producing their own examples of a principle 
"Scored hfgher thana control and recall condition (Watts and Anderson, 

- l^J^J- Verbal learning research supports these findings witli "^deeper' 
levels of processing" characterized by" semantic rat^6r than .ortho- 
graphic processing ^resulUing in greater retention scores "(Craig "and 

^ Lockhart, 1972). V ^ > 

An additional pracj:ice common to science classrooms is spiecifying the 
page where answeVs 'to study .questions can be found. The present study 
investigates both these lines" of research. . i . 

f I. . . , • 

Method and Design . 

Eighty-five foyrth grade students '^ere randomly assigned t^ four treaV 
Dj^nt groups. Each was given a passage from the students V weekly scienc 
•newsletter. The four experimental groups -yere g^.ven i^tudy guides with 
eight verbatim,, true/false, paraphrased, and ^open-ended questions, 
respectively. Half the students* stuHy guides referred to^ the para- 
, graph number where the^nswer for each' question could be found (the • 
Structured condition). Therftsult was a 4 x*2 factorial design. / 
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Ins'truments 

' ' . . . . . , 

A posttest consisting of two parts was prepared. The first Bubtest 
(had eight questions identical to the verbatim questions in the Study 
guide and the second subtesf >ttad 12 incidental questions, which 
covered thd content of the newsletter but were unrelated to the 
^ study guide questions. The Ktider-Richardson 21 reliability for the 
posttest was .79. . - ^ ^ 

■\ ■ ■ ' ^ ' 

Results 

' ' " \ - ' ■ ' \ • 

TVo^^way analysis of variance was used to determine whether differ- 
ences existed among groups, on total scores^nd on the verbatim 

, and incidental- sbfctfests. 

' «' ' ^ ■ ■ .' • , • 

For total scores and fcfr|both subtests two-way interactions were 
to be signific^t. For students not receiving answer location /twc 
unstructured condition) , total scbres^^^ or tr ue/ false Ss were s^nifd- 
cantly higher, than both verbatfm and opeiTehded; on the verbatim - 
subtest true/ false Ss scored significantly higher than verbatto^ \ 
and on thfe incidental subtest true/false Ss scored significantly 
higher than all thrpe other groups. There were no significant 
between groups of Ss receiving question locations. 

^For verbatim, open ended and paraphrased ^^groups , Ss not given loca- 
.tlonq^ scored higher €^ those given locations. 

Discussion. ^ - 



^yhf..€£u^*H6^g\^lts raise questions about ^e adylsability of identify- 
ing/answer loc^ions in study guides. Comparison by -tr^tment showed 
the^ verba tXm unm true tured group scored higher than the verbatim ' 
"-"Xstructufed grou^ on ali^ measures. Further,* when comparisons by 
\ ^tructiure were nfede na-<^ignif leant differences were found for the 
structured grpop while there were 'differences among the unstruetiire^ 
group. Pos^^pie reasons may be as follows: Lack of structure* 
required ^^re . thorough scanning of the* information (in the news- 
letter * resulting ^n nwre^areful stpdy of the ipformatl^Lon. ' Further, 
the .true/ false qu6stions\required more through processing tifiaa did 
the other question forms because "the learner -^hgd to ascertain the 
veracity of the statement which resulted ^n hffeKSI: dosttest scores, 
s ■ . ... / . 

/ The locating of the answers for the structured group .essentially 
. ^ neutralized 'IrhKtr'eatment effects. More careful analysis of forms 
^f^O^estions are required to compare ijheir efi^ectiveness, partiqu- 
t^**l^.foy different age groups, before generalizations can be made. 
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StiidentS/: in- sciencfi--cmi#ses,- as well ^s TOst ot)ier courses, aire test 
conscious and become arfeious oyer testing JtSarason*- Davidsoji, Light- * 
hall ,^ Wait e and Ruebush,\l960) . Spielber^r, Anton and Bedell (1975) 
concluded that high JevelX of test anxi^y often have a negative 
effect on tests that requiVe formal operations. McKinnon ahd Rentier 
(1971) arfff^Kolodi^r (1975) iepprted that/ science tests at the college 
level 'r^i^re^rmal oper/tiohs. Wine/(1971) suggests that high testf 
anxious OfKCrartd.J.QjL,t« anxious (LtI) students direct their atten-^-^ ^' 
tion to different Resting cues. HTA'stpdents attend to disrupjtive 
cuiBs which debilitatA^test completion, whereas LTA "stujdents attend 
t<? helpful cues whicliHfacilitate test conii^etion. Spielberger (1972) 
and Anton (1976) state tWt tiiere Is- a vital need to isolate actual 
testing cues, disruptive and helpf 111, by intensity an<J^ ^frequency that 
students who differ _ln. levels of test anxiety direct attention to.* ^ 

!rte primary purpose of this study, was to dev^op objective measure 
^hat will accurately assetes the types of testing cues by intensity 
and "frequency for HTA and LTA students. ^ ' ^ 

V-:. • . V ■ • ^m^^' * \ ' *\ \ 

Th^ 'sample consistiSft^^ 400 students in two physi?ial geology classes. 

Oata was collected during Two sessions. The first session* was 
; defitlgtied to ^btain a measure -of test anxiety for ^ach student'. The 
f decond session wa« designed to index testing cues by intensity and 

frequenc^^ A 42 percent return was obtained. 



The State-^rait -IJ^fety Iiiventory (STAI) developed by Spielberger, 
Gjosuch and Luskeiliy^.(1970) is a self-report instrument that measures ^ 
an individual's personality trait of test anxiety A "median-split 
was performed (Hays,/19^73^,,4^^3l8) to obtain leve^^ test anxiety 
(ti^A andNLTA). Disruptive ancl^^elpful testing cues were obtained 
frcMn an g|^rlier study. At tha'tVtimie, HTA and LTA st^udents were 
quei^led as to the things they f«lt were extiemely disruptivi^ and .\ 
helpful to their test performance. A list of 55' testing cues, dis- 
ruptive and helpful was obtained. The 55 Vesting" cues were then used 
to construct the Test Cue' Identification Qdiestionnai^e (TCIQ). The 
questionnaire was' designed to explore the way HTA and# LTA students 
react. Intensity and frequency, to test related cues, disruptive and^"^ 
helpful. A- sample cue and response is provided: "If gc^teacher asks 
only**- memory questions it is an extremely disruptive - test cue lOO per- 
icent of the time. ' ^ ,~ ' 

; . . - • ^ ,. - - . . • ■ ■ ■ . _ 

Data was'^analyzed using a 5PSS program fo* the basic statistics o^ 
cumulative frequency and mean. The results produced eleven signifi- 
cant. cued, seveji disruptive and four helpftil, that were* identified 
HTA and LTA stj^ents. HTA students contributed more to the 
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disruptive cues, whereas LTA student;* contributed more 'to the helpful 
cues which is supportive of earlier findings by Wine (1971) • 

Two major Implications for science teaching are ap^ar^nt In this ' 
study* Pirst the elimination of disruptive ^ues and im[5lementation 
of helpful cues will provide a testing' environment, conducive to 
^'maximum performance for bothV HTA ,^J|?^ /LTA ?tud6n^ tesearch 
^Is needed to establish what uortl^ of the> variance, in science grades 
of. introductory/ students is SttrSbutecJ to test anxiety' lev§l X type 
of testting cue^ • / ' ^ .■ ' ' - „ ' 
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Pormai l^peranana-l thought' fn Piajge^an theory has" stimulated con si- 
;derable' interest a^in^ science e^iica'^drs/ The theory describes fo^rmal 
thought in terms of increasingly incegrated cognitive structures, and 
. as 3 ^sequence of stage^culminating at the formal operational level. 
: pperatioTially, ability to operate at this level is established ;hy per-^ 
formance on tasks. >^thin schema such as combinatorial, proportional, 
.probabilistic and correlational reasoijiing. These^are also abilities 
y.closeiy associated with scieatific thought. According to;" the' theory, 
^one's; ability to fujiction at the formal level lis dependent upon' the 
prei^a^ system' af coniinaJfoirf^ to use 

proposltional logic, on the otlfcr 'hand, ha<^tra'd"itlonally been asso- ' 
i^lated with formal thought and Success In science. ' ^ 

This ;study examined how the ability to use propositlbnal logic was 
ri^l^ed to achievement in a university ^level physics course. The 
intent was to' investigate the extent to wh±ch the aij^ity to use 
proportiQual logic is a predictor of physics achiev^etit. ^ ' 



The subjects wer 6^450 St udaKs taking ap" introductory level physics 
-course for science and pre-health professions majori^ at a' large- 
Eastern' university. A test of vlogicXi/ operators was ^min is tired, . 
-4lbiiig with a test for^mathematW^ajlCabMit^^ an^^ b^tery of -^atial- 
visual tasks , 'A* f actor analysis isolated -^rpng logic and* mathe- 
matics factbps;wtiich accounted for over 50 Ifercent of £he variance. 



In addition, c,hl-square analysis sugg^ts a hierarchy in' the ability- 
to use certain operators, an^ that some sub's er of these are the major 
predictors of course succ^ss.j Tfltts result will be compared to the * 
results of another study wh4.c^i has been conducted relating these 
•c^perators to PiageCian^schemaf. ' ^ 
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The strong relationslriD of logical opetAtbrs to achievement fh intro- 
ductpry level physics cSiJ suggests a taslf analysis/of semester- 
and unit examinations. This could provide significant Information 
relating these operators to -particular- aspects of achievemfentr^ These 
results 9ugg^st,/more importantly, that facility with 'such SperatOrs 
nay exist as a precondition to achievement in such ^ course.! 
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JThe main purpose of the study j^s^o identify, a leJarniiVg hierarchy for. 
the molfe concept as it appears introductory high school cliemistry. ' 
A secontlary purpose was tdi'evaluate tl^e relative importarttfe of develop- 
mental level. In the neo-Piagetian sense, and avaiiabil^y of' subordi- 
nate skills in the. acquisition of related superbrdinate d^iils in tl/e 
hierarchy. . ' * \^ • 

An eight-element learning hierarchy was g^erated by task analysis and 
empirically val^idated by application of three methods currently pro- ' 
posed, for this purpose*. Tte sample '=;Qons is tecli of 269 grade ten students 
in a course based on'CHEM /Study materials. In order to determine the 
degree^ of transfer frbm- subordinate to superordinate skills, the sample 
was assigned by intact classes fto one of two sub-groups. Each student 
in the sub-group designated as remedial was required to complete- two 
•take-home remedial units prior to instruction "^In the next sRill. With 
this exception, teachers were encouraged not to depart^'from their usual 
Instructional practices. ^ 

Several days prior to the start of instruction relating to^^e content 
of the hierarchy, a set of neo-Piagetian tasks and a test of second- ' 
order operations were administered. Three quizzes on skills from the 
hypothesized hierarchy were administered at appropriate times during 
instruction,^ followed by a final chemistry * test consisting of four 
Items on each skill. To estimate reliability of' the chemistry skills 
tests, phi coefficients between items testing the-^Jtae skill were com- 
puted* Nearly all were significant (p^O.OOl). Cohen's K was used 
to determine the consistency of mastery decisions for each subject qn 
each skill. All biit one estimate of K were significant (p< 0.001). 

The White and Clark, order-theoretic, and Dayton-Macready hierarchy 
validation' methods, when applied to. the final chemistry test data, 
yielded an hierarchy considered to be psychometrically valid which ' 
contained seVen of the eight skills of the hypothesized hierarchy. ; 
The test of transfer revealed a significant relationship between gain \ 
In suJiprdinate skills and related superordinate skills. 

In addition to their use as determinants of the mastery status' of 
Individuals, the chemistrj)^ tests provided achievement scores for use 
In regression analyses.. Parallel forms reliabilities for each skill 
on the quizzes and final test ranged from 0.36 to 0.74 and, x,rf.th the 
exception of one skill, internal consistencies ranged from d*.72 to 
0.92. Significant but moderate correlations (the largest bein^ Cl,43) 
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were found be'twe en scores on each of the developmental tests* antl tests ^ 
f©r each of the chemistry skills. . Collectively arid, with one ^exception, 
theyTwo developmental level t^sts accounted 'ftifrn^to 18 percent of* 
variance fot" the te^ts- of , chemistry skills. When-the contributions 
f roqi the two developmental tests are entered iirto stepwise regression ' 
equations after th^ contrHjutions f ro!lt-4^ediate superordiiJStel skills 
(with r2's ranging from 0.15 tb^O.51), the increment in r2 ranges fifom . 
0.005 to 0^56V T^o rpc;nits^upp6rt the stpc^-qr ion that the avail-' 
ability OP'T » . . anateic^kills ^ant than learner . 

develop-, lev^ achievement - ei tuial skills 

exand^eu. ^ 
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TlHE JFFECTVpF §TUDjNT I^CANIPULATJON OF MOLECULAR MODEl/s ON' 
CHOaSTky ACHIEVEM,m-ACCOW)ING TO PIAGETIA^ 

..... . , ^ . ^ ..^ 

V, ' Dorothy ,Ga^dl %s' V 
^ ' Indiana Utwivqrsity • 

Bloomlfigton IN 474pl " * 

Ih th^^^st few years sciaflte ^^ators hkve^^determlned that many > 



studentrs eorolled i .^h chool and ^ol^o^r. ^ -r. ^urses do 



not 



^think on^he fornjai operat loual'level (Chlapi^cLt^, x • / o) ^ Ji^^cause 
a substantial number of concepts presented in .science courses requires 
formal thinking s^D'eral investigators have sought methods that^ will 
make formal con tepts more Accessible to Concrete thinkers. One metliod 
that has been , tested "in chemistrv. 9ourseg is the manipuiation of conr 
; Crete molecular models. ' Resultsiof stuc(ies)in this area have been , 
• mixed Talley (1973) sHowed that college stiMent chemistry achieve-. 
^ ment on high leVel questions was hi^er with the manipulation of models. 
*Sheehan (1970) four\d that both poncrete and fojrmal students profited' 
from the manipulation whereas studies by Drugge and Kass*(1978) and 
Goodstein and Howe (1978) fail to confirm this. The purpose of this 
study was to examine the effect of the manipulation of molecular (models 
by high school students over a long period of .time (entire school ye^r) 
;<]fn chemistry achievement according to the s.tudent's Piagetian level. 
The research was ^ansored by the Proffitt Foundation. ' ' 

jThe sample consisted of 238 students enrolled in four schools (one 
rural; one suburban, two metropolitan) 4n central and south central 
Indiana. Seven teachers and their students participated in the study. 
Teacher's classed were randomly assigned to one of the two treatments. 

J;Thc treatment consisted of students actively manipulating molecular 
j!Va6dels versus pbservinjg the teacher manipulate the models. . Study 
guides for eigjlit lessons were distributed to teachers to provide a 
f Inimum treatment baSe and tochers were encouraged to use the same 
TOd^ of instruction With their classes .throughout the year. 




^ tu!lBifl.B were classified as concrete, lower formal, and upper formal 
<vla scores on a modified form of the Longeot test. This test was 
administered at the beginning and end of the school* year in order to j 
also determine whether' the .treatment was effective in modifying 
students' Piagfetian levels. . ^ 

The dependent variables in this study consisted of the American Chemi- 
cal ^Society (ACS) Achievement Test in High School Chemistry (reliabil- 
ity « 0.74)., selected items from this same test that directly related 
to , the study- guides (reliability = 0.41), and a 39-±tem composite of 
test Items emUMded in eight unit tei^s reliating to the eight units 
(reliability » 0.60). * 

Da^^vere analyzed using 3 x 2 's analyses of variances with-^ree 
lcv«|^o| Plagetian developmental stage and two levels of tr^tment. ' 



The foClowlng results were obtained. ^' 



1. students <t/ho'''Vere classified as formal aefhleved' slgnlfj- 
cantj-y higher than those classified as concrete on the, 
ACS te^t^at the 0.001^ lev e\^ and on the content test at the 
• .015 ievel^ \ ^ ^ 

2. Studerfts In the Active^ manipulation group performed signi- 
ficantly higher than those who observed m'anlnulatlons on ^ 
tt^'ACS-vtest ^t ttie (V003 level, on ^the ACS* subtest at the ^ 

" O.o5 level, and on the content testat>the 0.055 level. ^ 



3. 'There were no significant Interaction effects ^f or the ACS 
test or ACS subtpst bift;^ there wjisj^ significant Interac- 
tion; at the 0.029 levej for the content test. Foniial * 
operational students benefitted moif^ froln active manlpu- 
'latlon than did. concrete students.. ^ . ( } . 

Reaj^lts of this studj^conflrm Sheehan's /indings that manipuia^^lon 
of models* Id "beneficial f^ both concrete and formal students. Uhen 
used over a long time perlpd the manipulation appears to Improve 
chemistry achievement *> 



^ 
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Topici I NSTA-NARST Ceoperative Research Efforts 



y The influence of science education research 'oiy' classroom teaching 
■practice^^s nbt as great as many-wcmld like it to be. This lack of 
liifluence^y be diie to a number of^ reasons. Many feel that research 
.findings a^id their Implications are inadequately communicated to, the 
classroom teachers. :Hbwever, thi^ lack of influence may also be' due 

^ to the perceived lack of relevance for teachers as they look for 
guidance to deal with daily concerns and decisions which they fac6 in 
the Qlassroom. ' , 

* • •. ■ ■ * . 

A mechanism for two-way communication and cooperation between 'teachers 
and researchers is needed. This mechanism should be designed to facil 
Itate the identification by teachers of research problems relevant to 
teachers needs, to insure the .quality of the research in order t6 give 
valid-generalizable results, and to help in the translation of the 
Research findings into language that connects it to classroom practice 

HARST and NSTA, through the respective research committees, are V 
involved in a cooperative effort devoted to identifying research 
priorities and developing a mechanism for proposing, designing, co'n^ 
ducting and reporting research relating to classroom practice. Thls^ . 
would serve to establish better credibility of researchers with 
teadf^rs and of^^eachers with researchers thus making the impact of 
research on clafssroom practice more likely. This would also increase ^ 
the probability that the ci^sroom practices would produce the 
desired science learning. A 
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NARST AWARD PAPER 
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Presiding: 



John Wilson y 
Univetsity of Iowa 
Iowa City lA 5224? 



The outstanding ipaper given at tlje 1978 annu^ ineetirig will be 
presented again and ^discussed; 



- ^4 



1 



4 



I. ' 



ERIC 



/ 



r 



2lU 



202 



CONCURRENT SESSION H 



4 



^a-Lii^ d--. I^fei. iiut .^^tus of Pre-Uol^ege Science, jlathe- 

matics, and Social Science Education, 
1955-19 75 



Ptesi,dlng: . William G. Lamb . ' . * * 

. ' V Frederlca Academy ' ^ . ' • 

Hamllton'^<j«d-Box 1217 , . , 

St. Simons Island GA ^31522 - , 

- - ' ■ „ ' / ^ ^ . 

' ' The Status of Pre-College Scieno^", Mathematics and 

Social Science Education, 1955-1975: Enrollment . 
and Financing 

Robert W. Howe ^ 
O^io Stafrfe University 
254 Arps Hall, 1945 North High Street 
^ Columbus OH 43210 



The Status of Pre-College Science, Mathematics and 
Social Science Education^ 1955-1975: Practices 
and Needs Assessments \r ^ .y 



Stanley L. Helgeson 

Ohio State University - ^ 

^54 Arps^ali; 1945 North High Street 
. Columbus OH 432^0 

The .Status of Pre-College Science, Mathematics and 
Social Science Education, 1955-1975: Science 
Teacher Education , ^ 

Patricia E. "Blosser ' 
Ofelo\State University 
^ 254 ^rps Hall ; 1945 North High Street 
.Coluobiis pH 43210 



Evaluator: Chris A. Pouler 

Prince G6orge*s County Public Schools 
^Eleanor Roosevelt Senior High School 
7601 Hanover Parkway . - 

Greenbelt MD 20770 



21 i 

203 



THE STATUS OF f Rt-LULl.i'GL SCIENCE, MATH 'U^TLCb AND SOCIAL SCIENCE. 
EDUCATION, 1955-1916: ENROLLMENT FINANCING , 



J 



L9K: 



Robert W. Howe 
Ohio State University. 
Columbus OH' , 432*0 



.Ttfe two decades, 1955-1975, marked the first major investment of federal 
monies directly in^ curricul.ar and instructional concerns, The Elemen- 
tary and Secondary Educat^ion Apt (ESEA) of 1965 continued the pattern of 
direct investments^ Ir^itiating p;ro^ams to deal with special groups with* 
In the educatior^al coipmunity. Conciern foiT^the educational nee^s &f 
students ertd for program effectiveness evaluation was specifically, man- 
dated within thi^ Act. y ^ • . ' 

' ■ . ■ ■ . \ < , -■■ •■ • ■ 

Data analyzed indicate enrollments in public schools /increased until " 
1969 and then began to decline. When data for only grades K-6 are 
analyzed, peak Enrollment appeared to occur in 1968. Current projec- 
tions for enrpllment will be discussedyand their implications for 
science education highlighted. . ' 

When financing and school control are considered, a pattern of increas- 
ing state control becomes ^evident. /States vary extensively ~ in the 
amount of control exerted over the science curriculum. In addttiotl, 
method of control varies^ in legislative and regulatory forms. Examples 
^£ state influence 'or control will be discussed as these related to 
strhool size , arid consolidation, school curriculum, tl^Sjcher certifica- 
tion, textbook and instructional materials selection, and minimum 
coiqietentices ahd. accountability. . ^ 
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im sriAlUS OF fKE-UOLLEGE SCIENCE, MATHEMATICS , \AND SOCIAL SCIENCE 4 
EDUCATION, 1955-197$: P^CTICES AND NEEDS A'SSESSMENTS 

^ , - ^ . * ■ ■ V 

, . ^ Stanleyft, Helgesog, , / 

Ohio State University 
' • . . Columbus OH 43210 

. ' ■. V ""-J ' 

This study wa^ one of Chrefi. funded by the national "Science Foundation 
in the summer;, of 1976 to assess practices-j[n prescollege education and 
to provide ,baa.eHne information, on needs so future programs in science^ 
matrtiematics, and social science eduofetion can targeted to meet; docu- 
mented national concerns, j • , . ■ i 

The specific purpjose of ' the stucjy wffl^ to: 

1, review, analyze, and summaMze appropriate literattir^e 
related to pre-college science^nstruct^on, tt> science 
teacher '^education,^ and, to nd^eds asse^dment efforts; and 

2. identify trends and patt^erns in,' th^ preparation of : 
science teachers^, .science teaching practices, curriculiom 
materials, aftd needs assessments^in science education 

during the period 1955-1975. 

Because this was an -archival study, the procedures focused on identi- 
fying, retrieving, and analyzing existing literature rather than on 
generating new information. Major sources of infoxrmation Included * 
the ERIC data base. Education IndeH > ReaddrV Guide to Periodical 
Literature , Dis^rtatiojarN^bs tracts International , published books and 
Journals, f ederii/ageh^ ^ 
of educa t ion^ ;ar cftlStves , 

Sele&t^^ of documents for review was b^sed upon: 



zlojar^Ab is tracts International , published books ai 
mMe^' files and collections, state department 
», mnd ^p^iits^from conferences and committees. 
:s for review was bdsed upon: 



1, generalizability ^f results based upon size of popula- 
tion, sampling techniques, and methods of analysis; 

2. summarization of data or research' reports (e.g., reviews * 
of research) ; - * - . 

3. ifilt)ortance or ^ significance as indicated by publication in' ^ 
a refereed journal or as a committee report; and 

* . . *o • » • 

^ • 4. representativeness of a typie or kind /of document (e.gl, 
curriculum guide) . ' s ' 

The Ireports will be organized around four major ^considerat ions: 

1. I Existing Practices and Procedures in Schools x ^ 

.2. \ Science Teacher Education V 

r ^ 3. ^Controlling and Fiijancing Education ^ 

4, Needs Assessment Efforts 



Thl^paper in the paper set wllT focus on pi;actlces, and needs assess- 
ment efforts In science education, '^Rindings summairi^ing th^ litera- 
ture in each catego^ Vill be presented. . \ 
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THE STATUS OF PRE-COLLEGE SCIENCE, MATHEMATICS AND SOCIAL SCIENCE 

»^ — ^ J £DUCATI0n7 1955-1975:' SCIENCE TEACfiER EDUCATION 

' ' \ . ' « « '* 

*■ ■ " ^ ' ' ^ 

Patricia E-. Blosser > ' 

^ • ^ Ohio S'tale University 

Columbus OH 43210 • ■ I 

The two decades, 1955-1975, are unparalleled In the degree of f activity 
in science education. Millions of dollars were ^devqtetd to'athe cooper-r 
ative involvement of scientists, educators ^ and learning theorists in 
the development of science curriculum , materials. Extensive programs 
were'. developed and conducted, to upgrade and update^ the- science content 
bacjcground of teachers and to train them in the use of the new curric- 

The fb6us of this project was a status report on the inipact of such 
activity in curriculum development, teacher education, instruction, 
and needs assessment. Specifically, the purpose of this project was 

' to: ■ ' ' ^ 

1. review, analyze, and summarize^ appropriate .literaturp 
; V related to pre-college science instruction, t'o^^ciehbe 
/■ teacher education, and to needs assessment efforts; and - 

^ • ■ . ' • . . ^' ' 

2; idefitifi|r trends 'and patterns in the preparation of science 
teachers, teaching practices, curriculum materials, and 

needs a,ssessments in science education • 

« ■ * ■ - 

during the period 1955-1975. \ . ' 

This paper in the)set will focTus on literature rela^e^ to science 
teacher Education; . pre-serviAe and in-$ervice. Included in the 
survey are document;fe on guidelfines. fot teacher education programs ' / 
In science, certification reqiiirements, program descriptions, 
research studies, and position 4)apers. ^ Findings summarizing the 
terature in each category will be presented. , 
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vASteiOGY AND" PHYSICS ACHIEVEMEIJT 

Morris A. Enyedrt " *• 
. Rutgers Unlvewslty 
New Brunswick NJ Q8903 



4 . iT--^ 

Objectives andy Rationale 

Given the fact that the>use of analogies Is one of the moSst .common forms 
. of presenting new concepts In science texts, it la surprising to" find 
that most of the.researqh in analogic^ reasoning tias been with^formal 
anal6gies of the A:B::C:D tw).e/a«id,^t with the paragraph, fonri used -by - 
science t^xts. Studies thart have dealt with analogie^s of the latter 
type have g^perally arrived at the samd conclusio.rw '^^'g. , t^^ use' of- . 
V analogies does not aid jcomprehen^ion of the desired concept:. 

This study wa6 designed tf investigate the following f ^ 

interpretation of paragrat>h analogies a forni of . 
analogical reasoning? \ V • 

'2. Kben an S reads a paragraph, does he comprehend the 

analogy? ) . . \ ^ Z'. 

3. ' lar l^rTi^e^ssary to be' formal (Piagetian) :!in order to 

comj^reh^nd ah anarlogy,^ regardless of its fom? - 
. ' ■ ' ■ . \ >^ 

4. 'Is analogical reasoning related to proportional reasoning? 

5. Is physics, achievement related to either form of analogical 
- reasoning. . ^ 

Methodology and Design ' . . 

The sample consisted of 37 students enrolled in an..introduCtory physics 
course at a large eastern uniy^ity. During a thtee-day period, Ss ''^ 
were given tasics designed to measure analogical reasoning ability and^ 
Piagetian Level. ' Tasks anS "Ss were each divide'd into ttnree gro\ips. ^ 
By rotating the prder in which tasks were given to each gifoup, the' 
researcher was able to control for possible learning effects. Course 
achievement was indicated by individual Scores on the n&dterm exam, 
final exam and total course score. 

'• ■ ■ ■ • ■ v •' '• • '■ : .■ ■' ' ' ■ ' ■ . 

Instruments- and Data . • • 

^th dlnioal and non-clinical tasks were administered to dete^ne 
Plagetlaft Level with respect to pfoportions; combinations, permutations 
and probability. Analogical reasoning ability was measured using a 
test cojitaining formal analogies of tlje type used in intelligence 
t.e8tlng. - A second test related to analogical reasoning required Ss 



to read a', paragraph containing an analogy that had been taken from 
their physics text, and ^en select the ^correct analogy presented 
In the paragraph from a list of four formal analogies which were 
similar in format to^ those in t*he firs^t analogies te^t. 

Bata^Vas analyzed us:Um Pearson Correlations/ t-tes'ts and facto'^ 
analysis, ^ ' V \ ' ' : 

Result /^ - ' • \ W ^■ 

^ . . ' : ^ ' * 

1. * Ss scores on the two analogical reasoning tests were si^nifi- 

cantly, ^positively correlated (p^. 001). 
■• ' ■ r r ■ ■ .\- •■ ^' ' ■' 

2. Proportional reasoning and formal analogy success was slgnifi- 
. . cdntly,- positively correlated^ (p<.001>-and loaded on^the same 

^ factor. . : • / . . %r ' \ y ^ 

3. Propdrtional reasoning and paragraph analogies were ;not 
Significantly correlated and loaded pn different' factors. ' " 

■ ■ k . ■ •( ■ ' ■ , 

4. Only analogies of the A:B::C:l) type, required the to be 
» formal in terms of PiagetiapJievel. ^ * . 

5. Both^ypes of analogical tasks had significant^- positiive 
correlations with the physics achievement XQeasure^, - 

-6. ' Ss were abl^ to comprehend analogies when presented in para- 
graph form, ' . ' 



Conclusionis ' - - 

When speaking of analogical reafeonlTig/. researchers in th^ piks't. have 
assumed there was a singler set of abilities used in- solving 7^^^ 
of this ty^'e. That this" is. not truej-s- inclicajted by the fatt; that 
a change^ to paragraph form, no longer necessitates tl^^v use of/propoi:-^ 
tlonal*reasonltig. Nor is the paragraph form re^atfed to Pia^etian ' 
level as .is the A:B::C:D type^of anaiogy\ As. ii^dicated by"^^^^^ 
research, paragraph analogies do' not aid comprehension of ^concept. 
It Is not, however, due to the fact that Ss dp not understand ^the i 
analogy being presented. 
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SPATIAL REASONING AND FORMAL THOUGHT AS FACTORS IN 
i SCIENCE ACHIEVEMENT FOR NEW ZEALAND STUDENTS 

Michael ^/pib urn 
Rutgers University 
New Brunswick NJ 08903"^ 

c 

Research suggests that Piaget's Balance and Shadows ta&ks require an I 
element of spatial reasoning for completion. It also seems reasonable 
to propose that formal thought and spatial reasoning may be factors in 
science achievement. One |est case is gender- related differences in 
spatial and/or analytl^cal tasks and success ±n science. This study 
was conducted to test the hypotheses that: 

a. Spatial reasoning and success on Piaget's Balance and " - 
Shadows tasks are related to one another and to science 
achievement; and that 

b. Sex-linked aspects of intellectual functioning are related 
to differences in success by males and females in achieve- 
ment in science. 

All 5th Form (year 10) New Zealand students take a national School 
CeryVficate examination which may include a General Science section. 
ThJjeiaxple for this study consists of 39 of 42 6th Form (year 11) 
stiWents wbto were certified for University Entrance by a Christchurch 
Hl^^SJ^ool, and had also taken, the SchooIXCertif icate (Science) 
ExamTnabion the previous year. \ 

Measures were Piaget's Balance and ShadowsyCard Rotations and Surface 
D^elopment from an ETS factor-analyzed Wttery, and achievement on 
the School Certificate (Science) examination. 

Success rates for this sample were high. Subjects were nearly evenly 
divided in number between those fully formal on either or both Pia- 
getlan measure (Formal) and those less successful (Pre-Formal) . There 
were significant differences between scores on the Card Rotations, 
Surface Development, and School Certificate (Science) measures for 
these two groups. Significant correlations were obtained for the 
School Certificate (Science) Examination X Shadows, Bala^e and Sur- 
face Development, and for scores for Balance "plus Shadows X Surface 
Development . 

Males achieved significantly higher scoriss than females on the School 
Certificate (Science) examination and the Shadows task. A Chi-square 
test shows females less successful in achieving Late Formal on the 
Shadows task. Further analysis shows that the most favorable situa- 
tion for male success on the School Certificate (Science) examination 
la to be Formal and above the median on the Surface Development test.' 
In contrast, females are most seriously disadvantaged only by being Pre- 
Formal and bQlow the median on the Surface Development test. 



^t|^ THEsEFFECT OF A COMMUNITY COLLEGE EDUCATION ON THE COGNITIVE 
. DEVELOPMENT OF STUDENTS IN LIBERAL ARTS AND LABORATORY 
■ < TECHNOLOGY CURRICULA: AN INTERVENTION STUDY 



^ Alan Sherman- 

- ' Rutgers University 

New Brunswick NJ 08903 



Most students who enter a community college do so to learn a profes- 
sion. ,It is also true that^a commimity college education tends to 
focus on the achievement of specific skills. But does this type of' 
education help the s'tudent to grow cognitively? It is the purpose 
of this study to answer that quest ion • 

In order to answer the above question, two areas of cognitive develop- 
ment were studied: combinatorial Ipgic and proportional logic, 
Piaget's theory of cognifive development was used as the framework 
to measure cognitive growth; The sample consisted of male st\idents 
. between the ages of 17 and 19 years old who were entering freshmen 
when the study began. Forty subjects were enrolled in the labora- 
tory technology curriculum-^a career oriented program, and 40 subjects 
were enrolled in the liberal aYt^ curriculum — a nonsjclence, general.^ 
education curriculum, for istudents who, wish to transfer to upper divi- 
sion /Colleges. . ' 

EAch- subject was pretested at the beginning of the semester to obtain 
a cognitive level in combinatorial' and proportional logic. Each sub- 
Jifect was posttest^d-at tJte end the"" academic year. . Twenty-eight 
/laI>or^56ry ,t^c and 29 X:^h^al. '^rts . students completed 

if the student! 

; l3a 'these '*ti^^ level at the begin- 

v^ipS-p^ see *f eognit'ivfe growth occurred by 

: the of' this way it could be inferred that 
i^olleg^ /O^iSir^ci^^ increase cognitive develop- 

ment . 1 Dat\ a1s^f;^H^ using Chi-square and other 'non- 

An analjvsis of tiie data showed that for pretests, the cognitive levels 
of bothl groups of students were the, same in both combinatorial and 
proportional ^tasks^. An analysis of the data showed that for the post- 
tests the cognitive levels of both groups of students were the same 
for the Icombinatorial tasks but ^not for the proportional tasks- Thd 
science group did much better on the postproportionaX tasks than did 

e^Tlder 



•the liberal arts group. It is argued ;that this is e^dence that cog- 
nitive development involving proportional reasoning did occur for 
those students enrolled in the laboratory technology curriculum. 
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THE RELAtlONSHIP OF PIAGETIAN AND PIAjGETIAN-LIKE TASKS 
TO PHYSICS ACHIEVEMENT 



Dale R. Baker 
David VanHarlingen 
Rutgers University 
New Brunswick NJ 08903 



The purpoj^e of this study was to identify those Plagetian and Piagetian- 
like tasks which are associated with success in physics so that the com- 
petencies these tasks represent can be incorporated into course work or 
a remediation program. ' It has been found that mathematical ability is 
a necessary buti not frttfiicient condition for success in college physics 
(Hudson, 19 77) . 

Thirty-eight students at a large eastern university enrollefd in an 
Introductory physics course participated in this study. The following 
tasks were given: separation of variable's (Kiihn, 1977), shadows 
(Inhelder and Piaget, 1958), combinations and permutations after , 
Plage t, Mr. Tall (Karplus, 1970), proportional word problems (Peterson, 
et__al. , 1978), a hypothesis testing task (Bady, 1978), and correlations 
(Lawson, 1978). All t^sks were paper and pencil exq^t the shadows 
which was administered clinically to each student. 
<* 

A factor analysis was performed on the data and it was round that factor 
one accounted for 36. 6 percent of the variance and was composed primarily^ 
of the proportional word tasks. Factor two was ^-identified as hypothe- 
sis testing accounting for an additional 19 percent. of the variance, -f 
for a total of 55.1 percent of the variance. It w^s not possible to. 
Identify any clear pattern on the other two factors. 

Pearson correlations were also examinee! between the tasks, their com- 
ponent parts and student grades on the physics midterm and final exam. 
.The shadow task, proportions, permutations and the hypotheses testing 
task all had significant correlations ranging from ,.62 (p<.001) to 
.28 (pi.P3). Separation of variables and combinations did not 
correlate with the midterm or final exam. No sex differences were 
found. 

From the factor analysis and the correlatibns it can be seen that the 
ability to do proportions is related to success in, physics (Mr.. Tall, 
vord problems and shadows^ . However, it remains to^be seen how much 
of the proportional ability is a reflection of a broader requirement 
of physics, namely mathematical ability. Formal operational thought 
Is also related to success in physics (shadows and hypothesis testing 
task) . 
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Obi ect Ives and Rationale 

t"^: """" ' ■ : ^- ■ 

/ Adol^cgnt and adult males have consistently outperformed females on 
tests of spatial ability; but a similar^ difference, if one exists, 
has not been so consistently found among children (Maccoby and 
Jacklin, 19^). Although a sex difference appears to be well sub- 
stantiated for people at .some, if not all, .ages, the relationship of 
sex and instruction to spatial ability has been^ little understood 
\,(Ellot and Fralley, 1976). Smith and Schroed^f'"(1978) found that, 
. fourth grade boys and girls • did not differ in a two-dimensional 
spatial visualization task based on El-ementary Science Study's Tan- 
g^aPS (1976); and both sexes improved sigiiificantly as the res'^ult ' 
of instruction. • ' . 

Since sex differences ^in Spatial abilify had been found among adoles- 
-cents but not among chilcirten (up through the "fourth grade), and since 
instruction had been shown! to have a positive effect' anfong fourth 
grade girls and boys, the pre^sent auttjors asked> (1) whether a sex 
difference in spatial ability ^existed among early adolescents (sixth 
ahd /seventh graders!^) and .(2) whether their spatial ability would be 
differeiltially affected by instruction. * 

'I Methodology, Design and Instifument ' ' 

In order to answer these questions, a 2 x 2 factorial design with 
spatial ability as the criterion' variable was used. Main effects 
were sex 'and instruction (i.e., whether^r not . instruction was 
recipived prior tb the criterion test). Spatial ability was measured 
by the Spatial Visualization' Abilities Tiest, SVAT (Smith and , 
Schroeder, 1978). The SVAT presents the student with three pro- . 
gressively more difficult Tangram puzzled and measures the total 
time taken to complete the puzzles. Instruction in sp^atial visual- 
ization took place over four one-hour pierdods on succeeding days 
and' followed the description of instruction by Smithfcand Schroeder 
(1978) which emphasised skills needed to solve Tangt^m puzzles. 
Boys (N « 32) aifd girls (N =»'27) were randomly assigned to the 
instruction or nonin'st ruction groups', the study was conducted in 
a'par^plii^l school primarily serving "blue collar families in a^ 
medium-^sized midwestem city.' 
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Results 



An ana!l^sKjR of the SVAT data showed a significant interaction between 
sex and^ instruction (F = 4.89, p<.05). Post hoc analysis, using the 
: Scheffe inetJ;lod, showed that nonlnstructed girls significantly out- 
performed noninstructed boys (F = 15.74, p<.05); arid instructed boys 
' significantly outperformed n9ninstructed boys (F = 12.14, ^<.05). 
All other pairwise comparisons were not significant. ^ 



Conclusi ons - ► 

/ ~ ■ - , . ■ ' ' - 

Contrary to the findings of previous, .studies, early adolescent girls 
\outperformed boys of the same age in a spatial abilities task prior 
to iiastruction. Whereas Smith and Schroeder (1978) had found that 
lnstiq|ctlon significantly improved the spatial ability of both male 
and fimale fourth . graders, the present study found that similar 
Instruction of slightly older students (i.e., sixth and seventh 
graders) led to significant improvement only for the boys. 



Implications 

The-results of this stnd^, when coupled with the findings of Smith 
' and Schroeder (1978), indicate^ that instruction in spatial visual- 
\ Ization ought to be provided in the fourth grade (prior? & adoles- 
cence), if ,Jboth girls and l^oys are to benefit signific^ly from 
the instruction. ^ ' 
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THE EFFECTS OF SETTING NOVELTY AND NUMBER OF AVAILABLE' RELEVANT ' 
EXAMPLES ON FIELD TRIP BEHAVIOR AND LEARNING 
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1 ^ 

The purpose of this study was to investigate the cbmbineS effects of 
two environmental variables — settling novelty and" setting relevance — 
that aire commonly assumed to be important to the educational process 
in general and that are often used to justify field trips. The 
relative novelty of^ the physical environment for a learning task . 
has previously beeri shown to have significant effects on children's' 
overt behavior and cognitive learning, both in** the laboratory and 
in outdoor settings (Falk, Martin and Balding, 1978; Lubpw, Rifkin 
and Alck, 1976)^ Although rarely investigated, the relevance of the 
setting for learning the materl'^al presented to the student Is also 
an important variable to consider, especially since the reason »most 
educators give for conducting outdoor based learning activities is 
that more concrete examples of natural phenomena can be discovered 
X)utside, rather- than inside, the classroom. Based upon Berlyne's 
(1960) theorizing, it was hypothesized that students unfamiliar with 

• complex natural settings, ' such as foi?tests, 'should benefit most from 
outdoor field trips to relatively simplified biological environments 
with a small number of highly salient real-world examples relevant tc 
the lesson being taught. On the other hand, students with more' 
experience In natural environments should perform better in complex, 
environments that can remain ""in teres ting with repe^ted^ exposure an4 ' 
where spme of the subl;:|^eti'es of the natural, wor^d tan ^egin to be. " 

'appreciated. ; ' ^ v 

'The activity sej-^cted for this study was designed to help children 
.understand'^e diversity, structure, and function of trees in an 
ecosystem. Children compared leaf slj^pes, trunk diameters, bark 
textures, and bark colots among*many trees. In .order to manipulate 
the number of relevant examples, * three different settings, which ' 
-;5^ried grdatly in the number of trees they contained, were usfed, 
ni^mely a small urban park on a busy street corner, a quiet suburban 
parky and a mature forest area within a very large park. The rela- 
tive npvelty of the environment was varied by using subjects who, by 
virtue of their 'place of residence, were differentially familiar with 
the experimental settings. Samples were drawn from urban, suburban, 
and rura^ populations pf children, roughly equivalent in socio- 
-economic status. Thus, three levels of setting relevance, as defined 
by the number of ex;amples (trees) available for study, and^three 
levels of familiarity with the setting were manipulated ^in a. fac- 
torial design. The students idn a total of 15 fifth and/sixth grade 
classrooms .were used as 'subjects*. Each class was dividfed into, thirds 
and the children in each group were assigned to do thejfteld trip 
activity in one of th^ three experimental locations. For all sub- 
jects, .the experimental ^task was done in the context of an all-day 



field trip away from school. Pretests- were giv^n to the 'subjects 
several weeks in adyance' of the trip in order to detemjine their 
knowledge of the three settings and the materi'al to be learned in / 
the activity, as well as the extent 'of their^ outdoor experience, 
A posttest* which was designed to measure both cognitive learning 
and attitudes, was given to the subjects immediately following the 
activity* Observations of student behavior during the activity 
were also taken, 

^. . ' • ' , 

A discussion of results will be presented^ including the analyses 
of the coenitive,' affective, and psycho-motor behaviors of elemen- 
tally school students on outdoor science field trips as a function 
of setting novelty and relevance. The nature of the interaction 
of these two environmental variables will also be discussed, ^ A 
theoretical model that should provide/pedagogical guidelines for 
field trip site selection will be presented, 

< . < 
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'SJX-RELATp DIFFERENCES IN RATE OF CONCEPT ATTAINMrfiT 
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Rationale 

' • , V ^ 

Sex differences in performance, favoring boys, have been reported ^or 
several P^et tasks whicji are closely related to concepts and topics 
In the sc!»ice curriculum. The poorer performance of girls may be 
interprete(? as reflecting, an experiential deficit (an envfhimnental. 
factor) or a slower developing mental structure (a genetic f aetoi^) . 
If the difference is due to a lack of liecessary experience on the 
part of girls, then they should perform as. well as boys on. the ta?ks 
if they are given the prerequisite experiences . If, on the otrher 
haild, they lack the requisite mental structure, then the provision . 
of/ experiences should not make a significant difference in their 
performance on the tasks. . 

The purpose of the present study was^ to find some evidence which might 
be brought tQ bear on the issuie raised above. Answers were sought to 
the following^ questions: (a) Is there a sex-related difference at, 
ages 9rll on response to a volume-density task? (b) Will performance 
on the task be affect^ by classroom instruction? (c) Will perf9r- 
nance of boys avd girW^be affiected similarly? ' 

^ : ' . • " . • ■^ - 1 

Method ' I 

Data collect*ld from two groups of children were ueed. The 64 children 
In Group I were pretested, taught a series of lessbns which provided 
what was thought to be relevant experience, and 'posttested . ^The time 
which elapsed f^om pretest to posttest was s«ven months. Their post- 
test scores werfe compared tq scores of children of * similar age who had 
not received the specified instruction. The 96 children in Group II 
were divided into experimental and control groups^ pretexted, taught 
a series of lessons similar to those taught to the' children of Group " 
I, and ppsttested. The elapsed time from pretest to posttest was one 
month* V * v ^ 



Instruments * \^ 

similar tests of conservation o'f volume and density, composed of litems 
derived from Piagetian literature, were admi.nis tered to 'the two groups. 
The experimenter demonstrated* the tasks to pne class at a time; chil- 
dren marked answers dn Response sheet^ Test-retest reliability and 
Item analysis data are available for boih tests. The data were an^yze 
by means of analysis of variance and correlational techniques. 

2^" 



Resul ts and Conclusions ^ . 

The previous findings of significant sex differences were confirmed. 
A significant; training effect, as shown by Improvec^. performance of 
those who had received instruction, was also found. The scores of 
ba^h boys and girls improved after instruction but, although the 
girls' scores improved more than the boys*, the difference was not 
statistically significant. The girls were at approximately the same 
level after instruction as the boys had attained before instruction. 

Results are interpreted as favoring an interactive model of /develop- 
ment in which experience and structure^ cannot be separated since 
structure is built as a result of experience and the- manner and 
degree to which experience is assimilated is determined by the 
structure already present • Implications for curriculum development 
will be discussed. 
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THE EpyECTS OF DIAGNOSIS, REMEDIATION, AND LO.CUS OF CONTROL 
^ ON ACHIEVEMENT,^ RETENTION, -AND ATTITUDES OF^MlDDtE 
• i" SCHOOL SCIENCE STUDENTS 
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Objectives and Rationale / , - , / 

. The' objectives^ of this study were to determine the effects of diag 
nostic tfesting folldiwed by prescribed .remediation on: the immediate 
and retained science achievement of middl^e school students, and to 
determln'e if effects of treatment were consistent across student's 
race and locus of control (LOG >* levels . ■ • 

In the main, achievement tests are used ' as summative measures for 
,the purpose of .determitiing what students know and for assigning 
grades. An equally viable purpose of testing is to provide diag- 
nostic information to guide remediation activities! Formal ' ' 
diagnosis cau pinpoint miaponc^ptibhs and learning difficulties. 
And allow for pr^cftibed remediatio to summative ev^uation. 

Tlie degree to which^a student kcts on: the feedback from diagnostic 
testing and attends to the remediation may depend on' Special- char- 
acteristics of the learner. One of* these, is locus of control. 
It is possible that "internal" indfvldualap will act jnore readily 
upon i^e feedback and opportunity for reme^iiat ion, while, "externa 
persons might .view their learning success as being more controiled 
by otheirs and" not attend to the feedback. 



Methodology ^nd Design ' v ' 

•""^ — "-^ s — . . ' 

The three independent Variables in this stucly were:, type of . diag- 
nostic-remediation treatment, level of locu^ pf control, and race 
of student. Three intact classes (N = 76) were randomly assigned 
to the following treatment levels:*' . ' * , 

COMPARISON LEVEL: l^BJECTIVES OMCy. Subjects in this group' 
received- a set of 27- objectives followed by three weeks of 
' instruction (ofi the first 15 Qbjectives) , , the first summa- 
. tive test, two tnpre'. i^eeks of instruction, ,then the second 
dunmative test. Instruction included lecture, reading, and 
viewing filmstrips and slides, and observing. l^boratdfy 
. demonstrations, 



EXPERIMENT^LEVEL I: DIAGNOSTIC LEVEL. These subjects 
received JlKsame objectives and instruction as the "objec- 
tives only'^group. In addition, thia group received a 
diagnostic measure after each set of five objectives. 
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^Students who failed to mast;er an' objective were so Infb 



and required to take ^ second parallel diagnostic. measi if e 



two days later No suggestion§( for remediation wet^\ 



rm^ 



.ven. 



.EXPERIMENTAL LEVEL II: ^lAGNOSTIC/REME^iXTrON LEVEL. ^Sub- 
♦ I'jJ^cts in this §roup received the same treatments ^s tiie 
. . first t:wo levels with the e^cception that students who failed . 
* * to master an objective on the first •^diagnostj.i measure were' 
given remedial assignment? to complete befoife taking the 
secpnd diagnostic measur^^l 

Data were analyzed using ANCOVA procedures in a 3 x 2 x 2 (treatment 
x LOC X race)' factorial design. As mentioned aboye, ^'there were two 
experimental groups and .one comparison group. In addition, each 
group was^ stratified on two levels of locus of control (internals 
and externals) and two levels of race (black and white). Pre- 
treatment achievement data were lised as the covariates. 



Instruments and Data 



A, series of parallel" items was -developed tor use as diagnostic, 
achievement and retention test items. No item was lised twice. The 
content validity of ^the items was^iosiJired b^ c|am^aring them to the 
specific objectives.* ^The KR21 reliabilities of the. three achieve- - 
.ment tests were .94^ '.74 and .94. The first summative test was 
administered after three'^weeks o^ instruction and th^ second at 
the etid of five weeks. The retention meetsure Ws administered to <r 
all. three groups 'one month after' the end' of treatment. 

4 r" , ■ ■ ■ " . • 

Pi^lor to treatment, data^on the locus of control variable were" * 
collected with a modified. Rotter LOG measure. Student's attitude 
toward the use of objectives, diagnosis and remediation was 0 
Ineasured ^sing I^J.kert scale items. 

Resiflts \ , 

Although immediate achievement was not significantly increased by 
diagnostic remedial treatments (p<.05), the students who exper- 
ienced <6.agnostic/remedial instruction showed a 10-12 percent , 
greater retention of science concepts (p5.05). ^ 

Alsovs^ the second summative measure and on the . retention* measure^ ^ 
Internal LOC studeiSts scored significantly higher than' external - 
students Up ^ .05) . On the second summative measure, .the diagnostic 
treatmeno favored internal subjects slightly more than exti^raal 
subject^ (p-S .050 . . . V . 

Whiter" students showed greater retention thdn blacks but a signifi- 
cant treatment by tade interaction indicated that' these differences 
were reduced through the uste of diagnostic remedial instruction 
(p5.05). ' ' ; 
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Although there was no affective impact o£ treatment, race, or LOG 
the attitud^s of the students were positive. 



Conclusions 



B6th internals and ext^rriMs, and ^blacks and whites, benefitted 
from diagnosis, and diagnosis and remediation. ' It should also 
be noted that retention differences between blacks and whites 
were reduced by the use. of remediation. The use of diagnostic 
remedial strategics proved to be more effective than not using 
themj therefore, these methods should be considered as a means 
of Improving retained achievement in middle school scier 
classes. 
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Objectives and Rationale 

I* , 

In order to provide instruction based on individual need, teachers 
^can empldy methods to. determine the entrji^ level capabilities of 
pupils before instruction begins and to moni.tor pupil progress as 
Instruction proceeds. It is further suggested that teachers then 
prescribe instruction based pn the needs identified £rom diagnosis 
of the individual learner. This strategy is defined as 'diagnostic- 
prescriptive (d-p) teaching; 

Variations in types of d-p assistance give rise to a variety of 
questions or concerns. Can the task of d-p management be delegated 
to students with effectiveness, comparable to a teacher-managed 
stratiBgy? Although diagnostic-prescriptive learning assistance 
may be shown to effect significant increases in achievement, is 
administration and management pi the task an obstacle to large- 
scale Implementation? . : 

The degree to yhich a student is a successful participant in a ' 
dlagnpstic-preScriptive environment may^ depend in part on spatial 
characteristics of the learner. The personaloglcal variables 
.examined as main effects in this study aTre aptitude and locus of 
control (LOC). It is possible that those individuals classified 
aaTlnternal with regard to LOC or high academic aptitude may 
ezhfblt a greater willingness toward. participation in the d-p 
classroom. ^ 

Th^ objectives of this study were: 

1. To measure the effects of three variations in the use 
of dlagnostic-pri^scriptive teaching, locus of control, 
«nd aptitude on the cognitive and affective biology 
achievement of high school students. . 

/ ^* determl^ne If .the effects of treatment (diagnostic- 
< prescriptive teachl-bg) were consistent across levels 

of student aptitude and locus of control. 



Methodology and Design ' " ' * ^ . 

The experimental sample consisted of all students <N « 93) enrolled 
• , in three Biological Sciences Curriculum Study (BSCS) biology classes 
Intact classes^were randomly assigne(j to the following treatment 
levels for the six weeks of this study: 

CONTROL LEVEL: No Diagnostic-Prescriptive Assistance. This 
level included -subjects who received instruction, but did 
not receive diagnostic 'te^ts or any remediation prescribed 
by the instructor or required by virtue of objectives of 
the courde. . ^ ^ ^ . ^ 

■ E3CPERIMENTAL LEVEL I: Teacher Managed Diagnosis and' Pre- 
scription. This level included subjects who received 
diagnostic tests, feedback on^performance, and prescriptive 
remediation from the teacher. 

EXPERIMENTAL LEVEL II; Student Managed Diagnosis and Pre-.* 
scription. This level included, subjects who received • 
diagnostic tests from the t;eacher. Scoring the diagnostic 
test, assessing progress on current objectives (i.e. , feed- 
back pn perforinancer;|,, and undertaking remediation was a' > 
respbjisill^jll^ty^ ^ to the student. • 

Diagnosis was conducteH through the use of objective- referenced, 
brief, pencil and paper instruments named progress checks to convey 
the notion to students that there was no penalty for the identifi- 
cation of their learning problems. 

All subjects, were stratified on measures of aptitude (high, middle, 
and low) and locxis of control (internal and external). This per- 
mitted measures o^ the dependent variables to be analyzed within a 
3x3x2 factorial desijgn which consisted of three levels of 
treatment, three levels pf aptitude, and two levels of locus of 
control. . ' " ./ 

Data were analyzed through analysis of varia^nce,- analysis of 
covarlance, and selected multiple comparison procedures. Pre- 
treatment achievement data were used as the cov^riates. 

Instruments and Data ^ ' 'r-.: 

Three. toeasures perta|.ning to.hiology achievement were used in the 
study: _(a) 4)re-treatment biology aq^hievement. scores .to be used as 
covariates, (b) treatment-pferio4 biology achievement scores to.be 
used as criterion variables, and (c) a measure of .attitudes toward 
biology content and instruction. Content validity of the cogni- 
tive tests wa-s established by comparing -items to the specific 
objectives. 'KR20 and KR21 reliability estimatfes of the varioqs 
measures ranged from .71 to .91. f ^ 

Prior to treatmeijti aptitude data' was collected by use of the School 
and College Ability Test (SCAT). Locus of Control orientation was 
Ssscsse4^ by administering the Rotter I-E 'Scale. V . 



Results and Conclusions ' . ' . 

Significant treatment effects were detected on all four measures 
'The effects of aptitude and locus of control, when adjusted for 
pre-treatment^ differences, proved to be non-slgnlf leant . A 
significant treatment by locus of control . Interaction was 
""d^ected on the first cognitive measure. The group receiving 
tekcher-managed learning assistance scored higher on all cogni- 
tive measures. On the other hand, those students managing their 
own learning-assistance system held a more positive viewpoint In 
attitudes toward biology content and Instruction. 
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Objectives and Rationale 



In the main, achievement tests are used as summative measures for the 
'purpose of determining what students know and assigning grades. An 
"^equally viable purpoge of testing is to provide diagnostic informa- 
tion to guide remediation activities. Formal diagnosis caif pinpoint 
misconceptions and learning ditf iculties and alloy for prescribed 
remediation prior .to summative evaluation, 

•The degree to which a student acts on the feedback from diagnostic 
testing and attends to the remedial assignment may depend on special 
characteristics' of the learner. One of these is Locus of Control. 
It is possible that the "internal" individual will act more readily 
upon the feedback and opportunity for , remediation, while an 
"^temal" person might view their learning success as being more 
controlled by others and not attend to the feedback.^ 

The objectives of this experimental study wer'e to determine the 
effects of obj.ective referenced formative diagnostic testing 
followed with remediation assignments on three cognitive levels 
of science achievement and the attitudes of university students, 
and to determine if the effects of treatment^ were consistent across 
student locus of control levels.' 



Methodology and Design 

* * . ■ \ ■■ ' 

The independent variablfes in this study were type of instructional 
treatment ^ind level of locus of -control. The treatment levels are 
defined as follows: • 

' COMPARISON LEVEL: OBJECTIVES ONLY (0). The usual procedure 
in the course was to provide each student with performance 
objectives which guided instruction and student evaluation. 
The instructional unit used in(>the study consisted of 16 
objectives. The subjects j^li^^^ treatment level received 
the usu^ unit objectives and- experienced instruction which 
Included lecture-discussions, a slides tape presentation, 
tw laboratory se^ions V'a^d one homew^^^signment. , The 
ifltetruction^l procedures* wpre not .uni'que tib the Onit; the' 
^esslons were considered normal for the course. 



EXPERIMENTAL LEVEL: DIAGNOSIS AND PRESCRIPTION (DP). Sub- 
jects in this treatment level received the same objectives 
and instruction as the above group and followed an identical 
time schedule.. In addition, they completed regular diagnos- 
tic measure? which were keyed to the objectives and received 
remedial assignments when necessary. 

The diagnostic activities OMurr^ji^di^ first five 

minutes of each session. Edclv^udent cpmpleted a shi)rt 
quiz on the objectives co>^ed during th^ prior session. 
The quizzes were then marked by an assistant while the 
students w«re engaged in instruction toward the next 
subset of objectives. 

• > ' 

For each of the objectives, two remedial aissignments had been 
. selected. Each subject had a file folder from which he 
obtained the diagnostic measure at the beginning of the 
;i3e^sion and the necessary remedial assignments at the end 
Of t;he session. ' If a stydent received a remedial assign- 
ment, he was rediagnosed on those objectives the next %^>^;^ 
session along with the diagnosis for the subset of obje{i- 
/ tives. Students were not required to master the objectives 
. ^efore the class proceeded. Also, no time was taken to 
reteach an objective. Remediation was prescribed by the 
instructor but was the responsibility of the student. 
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tata ySoui^ces 



The subifects in the study were 60 university students enrolled in an 
introductory biology course at the University of Georgia. Pre- ! 
treatment data -were collected on the average achievement level of 
each stud ent^on the units of study covered prior to experiment con- 
ditions. - These data were used as cpvariates to adjust for selection 
bias and Increase statistical* power' of the analysing. Pre-treatment 
data were ,also collected on student Locus of ' Control as assessed by 
the Rotter LOG Measure.* Subjects j/ere then stratified as internal 
or external. Post treatment; achievement data at three cognitive 
Icfvels (i.e., knowledge comprehension, and higher) were collected 
at the end of the unit along with affective data to measure the ^ - 
subjects' attitudes toward the nature of the instruction. 

All measures were item analyzed to insure adequate reliability and 
yalidity. 



Results 

ANCOVA procedures indicated that, on the total achievement measure, 
the. DP group achieved significantly higher than the Objectives Only 
group . (p5 .04). This difference represented a 10 percent increase 
in* achleyentent . When the cognitive level subtest dajta were analyzed, 
the^ differences in achievement existed in the recall' level items 
(p&«05). No bther influences of treattnent on achievement existed. 
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And, no effects on locus of control on achievement or LOG by treat- 
ment lntera.ctions were found. Although the mean attitude scores 
were positive, there were .no significant differences in attitude 
which could be 'attributed to treatment, ' ( 

^ ■ \ ' ■ ■ ^ 

Importance 

The re3ults of this study indicate th|it science achievement can be 
.increased with the use of diagnostic 'prescriptive instruction;, 
although, the greatest impact appears to be on low lev^ learning, 
Aldo,' the effects of treatment are consistent across internal and 
external. students and bring about achievement gains with no decline 
in the affective dimension. With the present concern over declin- 
ing achievement in the sciences, the treatment investigated in* 
this study deserves serious consideration as i means of improving ' 
achievement. 
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REFLECTIONS ON WRITING AN ANNUAL REVIEW AND SUMMARY 
OF RESEARCH IN SCIENCE EDUCATION 

. ' ■ . ■ ; ■ ' . 

Rita W. Peterson 
California State University. 
^ Hayward CA 94542 

As competing demands for diir time Increase, so does our reliance on 
reviews ^pfyresearch for keeping abreast of the important trends'^and 
issues 'In areas of our professional interest. Yet, authors and 
readers of annual reviews or periodic summaries of research pre- 
sently face some serious problems which require discussion. 

" The purpose of this round table discussion is to promote the exchange 
of Information. First, one author of a recent annual ERIC review 
will prbyide an inside view of the task of reading, summarizing and 
synthesizing the research in science education , for one year, and 
w;lll share some concernis about probleifls that may- increasingly con- 
• front those who rely on research reviews , in their work. Second j"' 
those who are familiar with annual or periodic reviews of research 
%d.lj. be encouraged to discuss these problems and share their views < 
on hbw such publications might become more useful. ' ' / 
' *• ' . ' ■ - ■ > 

The initial thrust of the round table discussion will be directed 
* toward two- concerns that grew out of writing the most recent annual 
.review of research for ERIC. The major problem facing the research 
community In this last quarter of the twentieth century, in the 
author's view, is how to deal with the knowledge explosion that has 
resulted from multivariate analysis rese arch. . We are faced with the 
fact that we are living in a multivariate research age and still try- 
ing to communicate in a univaria,te langua*ge. To illustrate;, readers 
expect /to read reviews that syntoesize research in traditional -cate- 
gories like achievement or attitudes. Yet re\riewers are increasingly 
met ylth studies which report multiple outcomes in. achievement, 
attitudes, self-concept, and locus of control, in a single study 
which may involve a highly diverse population (e.g. ,' varied in age, 
gender, ethnicity, affluence, readii^g level, .etc .), with ^ numerous 
Interactions among dependent and independent variables. The problems 
associated with synthesizing multivariate studies/or failing to 
.account for th6ir results in this knowledge explosion will be dis- 
cussed in tela t ion to improving communication in our research revi^s. 

A second problem which has concerned reviewers of research for' much 
loqger is 4he weakness or absence of theory among studies. More: 
recently,. a related concern is the alleged decline in basic or "pure" 
^ research itself. Kerlinger's paradox will b© discussed: that if one 
' , wishes to increase the long-term ippact of research in schools, one 
; 8hould^;lnvest in ba^ic research, not applied ^research. The short- 
term 'payrpff" aiid "relevance" of applied research versus the long- 
term value of basic research will be discussed in relation to st^n- 
. dards for reporting or reviewing research in journals. 

ERIC / . , . . u 
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